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stotal of 857 abstracts were submitted to the Diagnostic
esting category. Among these, 276 were accepted for
resentation and comprised 17% of all presented abstracts at
he ACC.06 Scientific Sessions. In addition, several other
ategories, such as heart failure, ischemia and infarction,
ongenital heart disease, and valvular disease, received
umerous abstracts with a major focus on noninvasive
maging. Within the diagnostic testing category, the pre-
ented abstracts may be divided into five subgroups: cardio-
ascular magnetic resonance (CMR), cardiac computed
omography (CT), nuclear cardiology, echocardiography,
nd exercise stress testing. The highlights selected represent
nly a small fraction of the high-quality, important abstracts
hat were presented in this category.
ARDIOVASCULAR MAGNETIC RESONANCE
ne theme that is growing in importance for this modality
s the need to transition from pilot studies that involve small
umbers of patients to larger population-based studies. One
xample of the latter was presented by Arai et al. (1), who
valuated the prevalence of recognized and unrecognized
yocardial infarction (MI) in the ICELAND MI substudy
f the Age, Gene/Environment Susceptibility (AGES-
eykjavik) study. The AGES-Reykjavik study is character-
zing approximately 6,000 people 67 to 95 years of age
nder the aegis of the U.S. National Institute on Aging and
he Icelandic Heart Association.
The substudy involved a random sample of 447 of the
GES-Reykjavik patients who underwent delayed
ontrast-enhanced cardiovascular magnetic resonance (DE-
MR) (1). The investigators found that the prevalence of
I was 9.4% according to hospital records but only 6.7% by
lectrocardiogram (ECG) analysis. In comparison, DE-
MR suggested a prevalence rate that was considerably
igher at 22%. The investigators concluded that magnetic
esonance imaging reveals a substantially higher overall
revalence of MI than predicted from the literature and that
E-CMR was significantly more sensitive in detecting
nfarction than clinical and/or ECG criteria. Although
hese results are quite provocative, an essential next step
ould be to provide evidence that unrecognized MI, as
etected by DE-CMR, has prognostic significance.
Given the relative infancy of CMR, there is a paucity of
tudies regarding its prognostic value. At this meeting,
all’Armellina et al. (2) presented one such study reporting
n the prognostic value of dobutamine stress CMR. The
uthors focused on a cohort of 240 patients who were notP
From the Duke Cardiovascular Magnetic Resonance Center, Duke University,
urham, North Carolina.ell suited for transthoracic echocardiography (i.e., poor
chocardiographic windows) and were found at baseline to
ave resting left ventricular (LV) wall motion abnormalities.
he finding of increasing LV dysfunction during dobu-
amine CMR was associated with adverse cardiac prognosis
n terms of cardiac death or nonfatal MI after a mean
ollow-up time of 5  1 years.
Already widely appreciated as clinically useful in assessing
atients with ischemic heart disease, CMR, particularly
E-CMR, is emerging as a unique tool for the evaluation
f nonischemic cardiomyopathies. Valente et al. (3) assessed
he relationship between myocardial fibrosis detected by
E-CMR and diastolic function in patients with hypertro-
hic cardiomyopathy. They reported that the presence of
yperenhancement (fibrosis) was associated with earlier age
f symptom onset, greater septal wall thickness, and several
ndices of diastolic dysfunction as measured by Doppler
chocardiography. A restrictive filling pattern, for example,
as observed in 35% of patients with hyperenhancement
ersus 7% in patients without hyperenhancement. The
uthors speculated that DE-CMR may provide insight into
he pathogenesis of diastolic dysfunction in patients with
ypertrophic cardiomyopathy.
Continuing the theme of new CMR applications, Sanz et
l. (4) performed DE-CMR in 38 patients with known or
uspected pulmonary hypertension (PH). In these patients,
ho also underwent right heart catheterization on the same
ay, hyperenhancement (fibrosis) frequently was evident in
peculiar location: in the anterior and inferior ventricular
eptum where the right ventricular free wall inserts.
This unusual pattern is distinct from that typically ob-
erved in patients with coronary artery disease (CAD) and
revious MI. This non–CAD-type pattern identified the
resence of PH with a sensitivity and specificity of 94% and
6%, respectively. Moreover, the extent of hyperenhance-
ent was correlated significantly, with the mean pulmonary
rtery pressure measured invasively. The authors concluded
hat hyperenhancement of the ventricular septum at the
ight ventricular insertion points is common in PH and the
xtent of hyperenhancement is related to the severity of PH.
OMPUTED TOMOGRAPHY
he potential clinical roles of multidetector computed
omography (MDCT) was a central theme. Raff et al. (5)
xamined the utility of MDCT in 200 patients with
ow-risk acute chest pain. Patients were assigned randomly
o either immediate 64-slice CT coronary angiography or
tandard-of-care evaluation (radionuclide stress testing).
atients undergoing CT angiography were discharged for
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ACC 2006 Annual Session Highlights June 6, 2006:D23–7uminal stenosis 25%, referred to invasive X-ray angiog-
aphy for stenosis 70%, and crossed over to stress testing
or intermediate lesions or if the CT examination was
ninterpretable.
There was no difference in 90-day major adverse coronary
vent rates for either the CT angiography or standard-of-
are strategies. However, patients undergoing CT angiog-
aphy had a 43% shorter length of stay (12.5 h vs. 22.1 h; p
0.001) and a 15% lower cost of care ($1,586 vs. $1,872;
 0.001). Of interest, more CT angiography patients
nderwent invasive coronary angiography (11 vs. 3), with
he result that CT angiography correctly predicted cathe-
erization results in 10 of 11 patients whereas standard-
f-care predicted correct results in 2 of 3 patients. The
uthors concluded that CT angiography can rapidly and
afely triage low-risk acute chest pain patients while reduc-
ng length of stay and cost of care.
In another evaluation of the utility of 64-slice MDCT,
ubinshtein et al. (6) studied 133 consecutive patients with
hest pain and negative or equivocal exercise treadmill tests.
ultidetector CT identified obstructive CAD (50% ste-
osis) in 25% of the patients with negative exercise stress
ests, whereas MDCT excluded CAD in more than one-
alf of those patients with equivocal exercise stress tests
Table 1). Invasive angiography confirmed the MDCT
able 1. MDCT and Invasive Angiographic Findings After Exer
>50% Stenosis on MDCT
(% of ETT)
egative ETT (n  76) 19 (25)
quivocal ETT (n  57) 25 (44)
otal (n  133) 44 (33)
Abbreviations and Acronyms
2D  two-dimensional
3D  three-dimensional
AGES-Reykjavik  Age, Gene/Environment
Susceptibility-Reykjavik trial
CAD  coronary artery disease
CMR  cardiovascular magnetic resonance
CT  computed tomography
DE-CMR  delayed contrast-enhanced
cardiovascular magnetic resonance
ECG  electrocardiogram
ICD  implantable cardioverter-defibrillator
LBBB  left bundle branch block
LV  left ventricular
LVEF  left ventricular ejection fraction
MADIT-II  Multicenter Automatic Defibrillator
Implantation Trial-II
MDCT  multidetector computed tomography
MI  myocardial infarction
PH  pulmonary hypertension
PET  positron emission tomography
SPECT  single-photon emission computed
tomographyeprinted with permission (6).
ETT  exercise treadmill test; ICA  invasive coronary angiography; MDCT  multndings of obstructive CAD in 91% of patients. Thus, the
onclusion was that MDCT appears to be an excellent tool
or improving diagnostic accuracy in patients with chest
ain, moderate pretest probability of CAD, and negative or
quivocal findings on exercise stress testing.
A number of abstracts examined the safety of MDCT
ith regards to radiation exposure. Einstein et al. (7) sought
o determine the effective radiation dose and lifetime attrib-
table risk of cancer for patients undergoing coronary
maging using 16-slice MDCT. Effective radiation doses
nd organ equivalent doses were estimated by actual scan
arameters and computer modeling, with lifetime attribut-
ble risk determined using models developed in the Na-
ional Academies’ Biological Effects of Ionizing Radiation
II Report.
On average, the radiation dose was 9 mSv, which in-
reased to 11.5 mSv when calcium scoring was included.
adiation doses were comparable with standard nuclear
ardiology protocols (Fig. 1). Interestingly, the radiation
ose was greater in women than in men (13.5 mSv vs. 11
Sv). The lifetime attributable risk of cancer incidence was
stimated to be 1 in 1,600, with a worst-case scenario of 1
n 500. Most of this increased risk was due to lung cancer
verall and breast cancer in women. The authors have
nitiated a similar analysis using 64-slice MDCT, and based
n preliminary data, it appears the radiation dose will be
pproximately 50% higher.
UCLEAR CARDIOLOGY
n reviewing the nuclear imaging presentations, one notable
heme was the growing popularity of hybrid imaging that
ombines myocardial perfusion imaging with coronary anat-
my evaluation using MDCT. The rationale, of course, is
hat information regarding the presence or absence of
yocardial ischemia is different and usually complementary
o coronary anatomy. Di Carli et al. (8) studied 100
onsecutive patients with low-to-intermediate pretest like-
ihood of CAD using hybrid imaging that combined stress
ositron emission tomography (PET) and MDCT (16- or
4-slice). There was a high negative predictive value with
DCT for identifying myocardial regions or patients with
yocardial ischemia but, unfortunately, the positive predic-
ive value was quite low (Table 2), only 26% on a per-vessel
nalysis and 42% on a per-patient analysis. Conversely, a
ormal stress PET examination was a poor discriminator of
atients without subclinical coronary atherosclerosis, only
9% had normal CT angiography. Accordingly, the authors
readmill Tests
o Significant Stenosis on MDCT
(% of ETT)
Confirmation of MDCT
by ICA (%)
57 (75) 18/19 (95)
32 (56) 22/25 (88)
89 (67) 40/44 (91)cise T
Nidetector computed tomography.
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June 6, 2006:D23–7 ACC 2006 Annual Session Highlightsuggest a complementary role of MDCT and PET for
ptimizing post-test management decisions in patients with
uspected CAD.
Integrated single-photon emission computed tomogra-
hy (SPECT) with 16-slice MDCT was used in another
tudy for the assessment of hemodynamically significant
oronary lesions. Fifty-seven patients with chest pain un-
erwent perfusion and anatomical imaging using an exper-
mental SPECT/CT scanner followed by invasive coronary
ngiography (9). Hemodynamically significant lesions were
efined as 50% stenosis by invasive coronary angiogram
lus a reversible perfusion defect by SPECT in the same
erritory. Not surprisingly, the negative predictive value was
uite high (98% for CT angiography alone; 99% for the
PECT/CT hybrid), but for CT angiography alone, the
ositive predictive value was quite low (31%) for predicting
hemodynamically significant lesion. However, the hybrid
pproach had a much higher positive predictive value (77%).
Prognostic studies have long been a staple in nuclear
ardiology, and two studies offer interesting findings. Abi-
ov et al. (10) studied 3,647 patients who underwent
est-stress dual isotope-gated SPECT. By multivariable
nalysis, after accounting for SPECT perfusion indices,
oth resting left ventricular ejection fraction (LVEF)
35%) and a stress-induced decrease in LVEF (5%
hange) were independent predictors of cardiac death (Fig.
). Yoshinaga et al. (11) assessed the prognostic value of
ipyridamole PET imaging in obese (n  134) and nono-
ese (n  233) patients. Patients were followed for 3.1 
.9 years and evaluated for the primary combined end point
f cardiac death and nonfatal MI. Obese patients (body
ass index 30 kg/m2) with an abnormal PET summed
tress score had a markedly greater event rate compared with
hose with a normal summed stress score (6% vs. 0% per
ear; p  0.001). Each of the event rates for normal and
bnormal stress score groups were not different between
bese and nonobese patients.
CHOCARDIOGRAPHY
ith the proliferation of new imaging tests, it is easy to
orget the wealth of information that is provided by tried-
nd-true approaches such as standard transthoracic echo-
ardiography. Zohlman et al. (12) performed an intriguing
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Figure 1. Effective doses in computed tomography angiographtudy regarding risk stratification of patients who are eligible
r
or an implantable cardioverter-defibrillator (ICD). The
uthors retrospectively reviewed all patients at their center
ho had ICD placement from 1997 to 2005 and echocar-
iography within one year before or one week after implan-
ation (12). Eighty-seven of the 156 patients identified met
ulticenter Automatic Defibrillator Implantation Trial-II
MADIT-II) criteria. In comparing a number of clinical
ndices (age, QRS width, blood pressure, LVEF, LV
imensions on echocardiography), there were no differences
etween those patients with and without ventricular events
equiring ICD shock. However, the simple measurement of
eft atrial area, based on an apical four-chamber view,
ifferentiated those requiring ICD therapy (30 cm2 vs. 25
m2; p  0.0004).
Jeetley et al. (13) studied intermediate-risk patients pre-
enting to their center in the United Kingdom with chest
ain who were troponin negative. Patients were assigned
andomly to traditional exercise ECG (n  218) or stress
chocardiography (n  215) as the first-line test. More
atients in the stress echocardiography group were dis-
harged home without further tests compared to the exercise
CG group (77% vs. 33%; p  0.0001) with no difference
n cardiac event rates at follow-up (9  5 months).
oreover, there was a cost benefit in favor of stress
chocardiography compared with exercise ECG ($364 vs.
518; p  0.0001). The investigators concluded that stress
chocardiography should be considered as the first-line test
o investigate troponin-negative patients with acute chest
ain.
8.5
22.6
12.6
Tetrofosmin Dual Isotope Rb-82
A) and radionuclide imaging. Reprinted with permission (7).
able 2. Clinical Value of Hybrid PET/CT Imaging:
omplementary Roles of CTA and Stress PET Perfusion
maging
Sensitivity
(%)
Specificity
(%)
PPV
(%)
NPV
(%)
er-vessel analysis
Any disease on CTA 65 67 14 96
50% stenosis on CTA 57 87 26 96
er-patient analysis
Any disease on CTA 81 49 30 91
50% stenosis on CTA 67 76 42 90
eprinted with permission (8).
CT  computed tomography; CTA  computed tomography coronary angiog-7
mibiaphy; NPV negative predictive value; PET position emission tomography; PPV
positive predictive value.
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ACC 2006 Annual Session Highlights June 6, 2006:D23–7A plethora of emerging technologies are advancing the
eld of echocardiography. Hayat et al. (14) reported on an
nteresting study using myocardial contrast echocardiogra-
hy. The rationale of the study was based on the fact that
PECT perfusion abnormalities frequently are detected
oth at rest and during vasodilator stress in patients with left
undle branch block (LBBB), even in the absence of CAD.
he authors, therefore, performed both dobutamine stress
yocardial contrast echocardiography as well as sestamibi
PECT imaging in 24 patients with LBBB and normal
oronaries on invasive angiography. Far more patients had a
erfusion abnormality on SPECT imaging (n 10) than on
ontrast echocardiography (n  1). Among those with
PECT defects, interventricular septal wall thickness was
ignificantly lower (p  0.01) both in systole and diastole
han those without such defects. The conclusion was that
PECT perfusion defects are common in patients with
BBB without CAD and without true perfusion defects as
ssessed by contrast echocardiography. The explanation
ppears to be a partial volume effect due to the thinner septal
all in these patients.
Another emerging technology is three-dimensional (3D)
chocardiography. Many clinical decisions, such as ICD
lacement, are based on LVEF, but clinical two-
imensional (2D) echocardiography has wide confidence
ntervals. Thus, Chukwu et al. (15) evaluated 68 patients
ith prior MI or heart failure and an LVEF 40% as
etermined by routine clinical methods. They performed
D and 3D echocardiography as well as CMR, all within
4 h. They found 3D echocardiography to be superior to 2D
ith smaller underestimation of volumes, higher correla-
ion, and narrower limits of agreement when compared with
he truth standard of CMR.
The same investigators then took a subgroup of patients
igure 2. Adjusted cardiac survival curves based on resting left ventricul
ingle-photon emission computed tomography. Reprinted with permissionn  28) who met MADIT-II study criteria for ICD mlacement. These patients were followed for a mean of 239
73 days for adverse events (death, sustained ventricular
brillation or tachycardia, and ICD discharge). Although
his study was small, with only seven clinical events, it is
ntriguing that volume indices by 3D but not 2D echocar-
iography were associated with adverse events.
Several studies reported on the utility of speckle tracking
y 2D echocardiography. One such study by Suffoletto et al.
16) assessed radial strain as determined by speckle tracking
n 46 patients with heart failure and 15 control subjects.
lthough LV radial dyssynchrony is predictive of response
o resynchronization therapy in heart failure patients with
ide QRS, dyssynchrony in heart failure patients with
arrow QRS is poorly understood. This study confirmed
hat patients with wide QRS heart failure had severe
yssynchrony; but patients with narrow QRS also were
ound to have significant dyssynchrony compared with
ontrol subjects. In addition, patients with narrow QRS
ere found to have a different contraction pattern than
hose with wide QRS.
XERCISE STRESS TESTING
inally, it is important to recognize that common, simple
ndices measured during routine exercise stress testing
ay provide as much information as more complex
ethodologies. In a study of 6,145 male veterans referred
or exercise stress testing, Prakash et al. (17) studied the
rognostic significance of systolic blood pressure response
o exercise. Patients were followed for a mean of 6.2
ears. After adjusting for multiple clinical and stress-
est variables, an attenuated exercised induced increase
n systolic blood pressure (40 mm Hg) was found to be
n independent significant predictor of cardiovascular
ction fraction (LVEF) and stress-induced change in LVEF detected by
.ortality.
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